seed, but is atso expanding the market for that seed.
R
oadsides are increasingly being recognized as opportunities for prairie restoration and reconstruction. This is especially true in Iowa, where prairie covered more than 28 million acres, or 80 percent of the state, prior to EuroAmerican settlement. Today, more than 99.9 percent of that prairie is gone, but roadsides totaling more than 600,000 acres--more land than all the state, county and federal parks in Iowa combined-provide an opportunity to restore prairie in a highly visible network throughout the state.
Interestingly, prairie survived and persisted along roadsides and railroad rightsof-way while much of the surrounding land was converted to agriculture. Almost a century ago, botanist, H. A. Mueller (1904) , described Iowa's roadsides as one of the last holdouts of native species.
At the present time the homes of most of our native flowers are limited to the highways and timbered areas on account of the cultivation and pasturage of the land.
For most of the century since Mueller made that observation, these roadside prairie remnants have been diminished, degraded or destroyed by more aggressive road construction, extensive mowing, and herbicide application. Since roadsides were one of the last refuges of native species in Iowa, there is a kind of poetic justice in making them a starting point for the resurgence and return of prairie to the Iowa landscape.
In the mid 1980s, rising costs for fuel, equipment, and maintenance associated with mowing, together with environmentalists' concerns regarding blanket spraying of herbicides along roadsides led to a re-evaluation of roadside management practices. In 1989, an act of the Iowa legislature established the Integrated Roadside Vegetation Management (IRVM) program to provide for a cost-effective, ecologically-sound means of managing vegetation and controlling weeds on state and county roadsides. The most stable, diverse plant communities in any given area are those native communities that have naturally adapted to the areas over an extended period of time (Odum, 1971) . Therefore, the centerpiece of the IRVM program in Iowa is the establishment of prairie communities consisting of diversd, perennial, native vegetation that resists invasion by weedy species. Limited mowing, prescribed burning and spot spraying of herbicides are used to eliminate or control specific weed problems. The 1989 legislation included funding for a state office at the University of Northern Iowa, now known as the UNI Roadside Program, to assist counties in implementing IRVM programs. Seventy of Iowa's 99 counties have now adopted IRVM principles to some degree, and 47 of those counties have hired roadside vegetation managers. State and federal transportation enhancement funds are being provided for roadside surveys of remnant prairies, native seed drills, burn equipment and seed for prairie restorations along county and state roadsides throughout the state.
Obtaining sufficient quantities of local seed at a reasonable price has been a ECOLOGICAL RESTORATION 18:3 FALL 2000
Volunteer seed collector Carole Kern cuts coreopsis seedheads into a collection bag.
Photo by John Herdrich
long-term challenge in restoration, and roadside prairie restoration is no exception. Departments of Transportation (DOT) in many states are now planting native species in road rights-of-way. However most native seed available in sufficient quantities has been developed from cultivated varieties (cultivars). Large-scale plantings of this seed could negatively affect remnant plant communities through introduction of disease, contamination of local gene pools, or invasion by aggressive cultivars.
Iowa is not alone in this effort. Other states are developing various strategies to increase the availability of local seed. In regions of the country where there is little or no well-developed native seed industry, cooperative pilot projects between agencies and private nurseries are working to develop the industry. For example, a federally-funded project at the North Florida Research and Education Center in Monticello is working with private nurseries to develop strategies for commerical propagation of native annual wildflowers for roadsides. Another cooperative effort between the Florida DOT, the Florida Chapter of The Nature Conservancy, and the University of Florida-Gainesville is focused on developing cost-effective and efficient methods of propagating and establishing native turf grasses on road rights-of-way that traverse natural areas. In regions of the country with relatively well-developed native seed industries, incentives to existing producers to increase the production and availability of native seed are proving effective. The Minnesota DOT, for example, is committed to planting seed from Minnesota or nearby areas on state rights-of-way. Throughout the past decade, MN-DOT has successfully communicated that intent to the native seed industry--following through with purchases of regional-origin seed--and this has resulted in greater availability of native seed in Minnesota. In some states, agencies have taken a more direct approach, establishing their own native seed production fields to increase seed collected on remnant prairies for revegetation of state lands. This latter approach often meets with resistance from private nurseries and seed growers who see it as taxpayer-funded competition with private enterprise, especially if the seed is used on private lands through seed cost-sharing partnerships with private landowners.
In Iowa, the IRVM program is increasing the availability of Iowa-origin seed with a blend of the above approaches. In 1990, author Daryl Smith initiated an innovative program involving the collaboration of several agencies to collect, increase, and certify seed from remnant populations of native prairie species. Currently known as the Iowa Ecotype Project, it is an effort to develop a commercially available supply of regionally adapted, Iowa-origin seed of native tallgrass prairie species. Although the project was designed primarily to provide Iowaorigin seed for roadside plantings, the seed has also been useful for other types of prairie reconstructions.
Iowa Ecotype Project seed is being certified as source-identified seed. Commonly referred to as "Yellow Tag" seed because of the color of the certification label attached to each bag, source-identified seed is certified as to its origin. In collecting seed, a deliberate attempt is made to avoid selection for any specific traits such as height, vigor or hardiness. The Association of Official Seed Certifying Agencies (AOSCA) established standards for source-identified seed in 1994 as a "fast track" alternative release procedure when 1) there are inadequate existing commercial sources for a species, 2) propagation material from specific ecotypes is needed for ecosystem restoration, 3) there is a high potential for immediate use, and 4) there is limited commercial potential for commercial production beyond specific plant community sites (Young, 1995) . The situation in Iowa fits all four of these criteria. Restoring native species to some 600,000 acres of roadside environrnent is the primary goal of IRVM. This, along with a greater emphasis on diverse native plantings for wildlife on public lands and on private lands in the Conservation Reserve Program as created an insatiable demand for n.~tive seed. An ethic of using local or Iowa-origin seed seems to be thriving, but the high price and low supply often mean cultivated varieties of native, non-native or quasinative species are used simply because Iowa-origin native seed is not available. The goals of the project are twofold: 1) to increase the availability of Iowa-origin seed for prairie reconstructions, and 2) to make Iowa-origin seed competitive in price with widely available cultivated varieties of native species.
The Iowa Ecotype Project
The initial list of candidate species for Iowa was based on the observations of Robert Betz, director of the 500-acre Fermi Laboratory Prairie Restoration Project in Batavia, Illinois. Betz observed that the species that persist longest in prairie remnants are also the most successful in competing with weeds in new prairie plantings (Betz, 1985) . We place a high priority on species that occur throughout Iowa, and that generally seemed suitable for use in roadside plantings. Working down the list, we add three "new" species each year (Table 1) . Although the project manager travels throughout the state to collect seed, we also solicit help from knowledgeable volunteers in finding and collecting stock seed for the project. Lists of target species are publicized in Roader's Digest, as well as in the newsletters of the Iowa Prairie Network and Iowa Native Plant Society. We distribute letters and seed source information labels to a cadre of volunteers to seek their help in collecting the three new species each yeara These mailings go to members of the Prairie Network, The Iowa Ecotype Project, with support from the Iowa DOT's Living Roadway Trust Fund and a coalition of agencies developed a systematic procedure for collecting seed from local populations of select species, then "amplifying" it in seed nurseries, increase fields, and finally production fields. Since it began in 1990, the project has made more than 1,300 collections of 30 species, and has released 13 of those species to private growers for commercial production. Here University of Northern Iowa students Meggan Daniels (foreground) and Abby Gulick weed seedlings growing from seed planted in conetainers in the greenhouse. Photo by Daryl Smith the Iowa Native Plant Society, other prairie enthusiasts, county roadside managers, and other county staff. We ask each contributor to record the location, site description, ownership, and past management of the site on labels attached to each collection lot. This information is essential for source-identified certification. The label information is entered into a database, and each lot receives an accession identification number. The original labels are kept on file so they can be checked if we encounter any discrepancies in data. Each contributor receives a thank-you letter with a brief update on the project and our annual roadside calendar poster. This is the first step in a five-phase process that concludes with the provision of sourceidentified seed at competitive prices.
Phase I: Seed Collection and Seed Nursery Establishment. Stock is cOllected from tallgrass prairie remnants within three zones, north to south. Typical collection sites are roadside remnant communities along state and county rights-of-way, old railroad corridors, and public and private natural areas. In 1998 we received special permission from the Iowa State Preserves Advisory Board for limited hand-harvest of our "list" species on state preserves. Before collecting, we encourage volunteers to seek permission from landowners, to collect a small portion of seed from many individuals in each population, and to keep collections lots separate.
In February, UNI students assist by planting accessions of seed in 8-inch deep "conetainers" in the biology department greenhouse. In April or May we transplant about 50 plugs (usually with more than one seedling per plug) from each collection into mapped seed nurseries at three sites on campus, one seed nursery per zone. These seed nurseries are located at least a quarter of a mile apart to minimize crosspollination between zones. A long-lasting, water-permeable weed barrier (DeWitt Pro 5 woven polypropylene/ polyester blend) covers the transplant site. Seedlings are transplanted 8 inches on-center, inserted into the ground through 2-inch slits cut in the weed barrier. Transplanting seedlings, while more labor intensive than direct seeding into nursery beds, maintains the integrity of each accession and minimizes the risk of losing seedlings to weedy competition.
Since germination of seed lots is not uniform, even with stratification, we sow several seeds in each conetainer. If one seed germinates and several do not, there is in effect a small seed bank associated with that plug. Greg Houseal has observed seedlings from this seed bank coming up the second season after transplanting, especially Canada anemone (Anemone canadensis), which has a prolonged dormancy.
Since 1990, we have made over 1,300 collections of about 30 species. We have successfully propagated and transplanted about two-thirds of those collections into nursery plots on campus. Typically, we collect seed of a species for two to three consecutive years until we obtain a good representation of populations from each of the three zones. This creates a backlog of a half-dozen species to collect each year, in addition to the three "new" ones. At a minimum, we attempt to collect and establish seed from at least ten populations from throughout each zone (30 for the state) for each species. Usually we obtain more than 20 populations per species per zone, especially for grasses and the more common forb species. Since we are propagating each species from three zones, we have three regional types, or "ecotypes" for each species.
Phase II: Harvest of Seed Nurseries. UNI students assist with hand-harvesting seed from the UNI nursery plots as it ripens, pooling the seed by zone for the purpose of seed increase. Hand collecting as seed ripens ensures capturing a more complete spectrum of genetic material (see Knapp, 1994 for a discussion of genetic shifts due to Weed barrier of woven polypropylene (DeWitt Pro 5) with 2-inch slits for plants is used to control weeds and conserve moisture in the seed nurseries. These white false indigo (Baptisia leucantha), shown here in mid-summer, were planted as seedlings on 8-inch centers in spring. Photo by Greg Housea/ the use of agronomic methods to increase native seed). Because equal numbers of individuals from each seed collection are established in the seed nurseries, these populations contribute roughly equal quantities of seed in subsequent harvests, which can then be pooled to become the "zone" foundation seed for our seed-increase efforts. It is important to note that, in keeping with source-identified seed standards, there is no intentional selection of traits. However, populations from within each zone are grown together in the seed nurseries and increase-fields and so may outcross with other populations from the same zone.
Phase III: Establishment of Foundation Seed-Increase Fields. Surplus seed from the original remnant collections together with seed from the nursery plots is then further increased for each zone in production plots by our regional USDA.NRCS Plant Materials Center (PMC) in Elsberry, Missouri. The Iowa seed plots are isolated by at least a quarter of a mile from other plots or native remnants with the same species of different origin. Again, no intentional selection of traits occurs. Growing seed so far from its origin is not optimal, but one uses the resources that are available. The collaboration with Elsberry PMC has facilitated the release and certification process, and the staff has provided useful information related to agronomic production of native species.
Daryl Smith at the UNI Roadside Program first proposed a native plant materials center in northeastern Iowa to the NRCS (then the Soil Conservation Service) in 1992. However, sufficient funding was not available. Smith continued to submit proposals for a native plant materials center every year, working through UNI's legislative liaison. Finally, in July 1998, the University of Northern Iowa received an appropriation from the federal Transportation Equity Act for the 21st Century (TEA 21) to build the Native Roadside Vegetation Center on campus. The UNI facility began planting new seed-increase production plots in the spring of 1999. We plan, however, to continue our mutually beneficial relationship with the Elsberry PMC for the foreseeable future.
Phase IV: Release of Foundation Seed to Commercial Seed Producers. When Elsberry PMC and UNI have produced sufficient foundation seed for an "ecotype" (usually three to four years after initial collections), the "ecotype" is released to qualified native seed growers. A committee made up of representatives from each of the cooperating agencies oversees an application and selection process. Successful applicants sign a license agreement and pay a license fee for the right to produce the "ectoype" commercially. The Iowa Crop Improvement Association certifies growers' production plots and seed-cleaning facilities. Typically, an amount of foundation seed sufficient to plant a five-acre production field of a grass species or a onehalf to one-acre field of a forb species is released to a grower. Currently, nine producers in Iowa and adjacent counties in Minnesota are actively involved in the project. Of the 30 species currently in the project, 30 "ecotypes" of 13 species have been increased and released for commercial production ( Table 2) . Phase V: Commercial Supply Made Available. After several years of amplification by commercial seed producers, usually about six to eight years after the initial collection, enough seed is available to begin offering it for sale at competitive prices. Our aim is to expand the market for source-identified seed, and this seems to be happening. Since 1994 there has been a dramatic increase in the number of species, Iowa sources, and growers of sourceidentified seed (Table 2) . A positive offshoot of the Project and the certification process is that more producers are choosing to use the source-identified process for their seed. The 1999 Iowa Seed Directory, published by the Iowa Crop Improvement Association, lists }roduction (phases IV and V). II  II   II  II  II  III  III  III  II  II  I  II  IV  IV  V  V  IV  V  V  V  II  II  II  IV  IV  I  II  II  II  III  III  III  II  II  II  V  II  III  II  II  II  II  II *Phases of production: I = Actively collecting new accessions from remnants II = Established adequate accessions in UNI nursery plots Ill = Agronomic increase production plots established IV = Foundation seed released to qualified native seed producers V = Iowa source-identified seed commercially available 71 native species from 119 different Iowa sources currently in production as certified source-identified seed (ICIA, 1999) . Some of these listings are the Northern, Central, and Southern Iowa zones of the Iowa Ecotype Project, but many of the species have been collected more locally and increased by private growers.
Regional Variety
The Iowa Ecotype Project employs a regional approach to collecting and propagating germplasm for roadside prairie reconstructions. The term "ecotype" is ambiguous and has been used to describe any variation or adaptation of a species to climate, soils, light, or other environmental factors. However, the term has gained currency in popular usage to refer to a seed source, as in "local ecotype." The Iowa Ecotype Project employs the term loosely to mean a regional population or subpopulation of a species (for example, Northern Iowa big bluestem). Iowa is divided into three collection/propagation zones from north to south, the assumption being that growing season, day-length and temperature regimes as influenced by latitude have a general influence on populations within a region. The ecologically distinct area of the Loess Hills in western Iowa, and the floodplains of the Missouri and Mississippi Rivers have been excluded from the project. Because IRVM is implemented at the county level, the boundaries for seed zones fall along political (state and county) borders, roughly three tiers of counties per zone. The Southern Iowa zone falls entirely within the Southern Iowa Drift Plain, an older landform of steeply rolling hills and valleys covered with a layer of windblown loess (Prior, 1991) . The Northern zone transects the Paleozoic Plateau, the Iowan Surface in the east, the Des Moines Lobe of the Wisconsinian glacial advance, and the Northwest Iowa Plains--all more recently affected by glaciation, with the exception of the Paleozoic Plateau (Prior, 1991) . The Central Iowa zone includes a mosaic of all five of these landforms. Rainfall varies from an average of 28 inches per year in northwestern Iowa to 38 inches in southeastern Iowa. Other factors, such as prevailing west winds, may influence gene flow by way of pollen or seed dispersal. Last summer a bow in the jet stream produced surface winds in excess of 100 mph from central Iowa to central Indianã quite a seed and pollen dispersal agent! A regional approach strikes a balance between the widespread interstate use of cultivars on the one hand, and the extremely localized on-site or near-site donor seed source on the other. A regional approach seems well justified in light of Knapp's (1996) discussion of seed zones, based on his study of genetic variation in blue wildrye (Elymus glaucus) in California:
Efforts to define seed zones emphasize genetic variation among populations resulting from past evolutionary processes and events. But the potential for populations to evolve in response to future environmental challenges depends on the existence of genetic variation at the within-population level as well. The presence of genetic variation is especially critical for germplasm used in restoration and revegetation, because this seed may be planted across an array of local habitats where selection may favor different combinations of genes. A population containing genetic variation will enhance the likelihood
Harvesting Canada wildrye (Elymus canadensis) from a foundation-increase field at the Elsberry Plant Materials Center in Missouri. Photo by Daryl Smith
that some plants in the existing collection will possess the best combination of genes for that particular habitat. Given that a seed collection for a particular seed zone may represent a mixture that is only "coarsely" adapted to regional climatic conditions, genetic variation within the mixture will allow for selective forces to fine-tune populations for adaptation to local conditions. The numerous allelic variants found within E. glaucous populations emphasize the importance of collecting seed from many plants in order to obtain a seed source containing as much genetic variation of the original populations as possible. Indications of considerable genetic structuring of allozyme variation within subpopulations of E. glaucous further demonstrate that seed collections should not be limited to small areas within a population. Collecting seed from different subpopulations within a region is advised in order to maximize the potential for evolutionary response and thus the sustainability of restored populations.
Because Iowa's climate and landscape are less varied than California's, it may be reasonable to assume that the appropriate size of a donor seed region in Iowa would be larger than a donor region in California. Since the Iowa landscape is dominated by a row crops with little of the native "pre-contact" vegetation intact, using "coarsely adapted" regional seed seems to be appropriate in Iowa. At a recent conference on the genetics of landscape-scale ecosystem restoration, Oustafson (1997) presented his analysis of populations of big bluestem, Indiangrass, and purple prairie clover from several locations in Illinois. In an analysis of randornly amplified polymorphic DNA (RAPD) markers, genetically similar populations fell into one of three regional groups representing a southern, a central, and a northern Illinois group. While not a verification of the Iowa Ecotype Project zones, this does suggest the importance of latitudinal variation in these species. Evidence from our own research together with observations of plants growing in our nursery plots indicates, for example, that oxeye false sunflower (Heliopsis helianthoides) grown from seed collected from our northern zone typically flowers and sets seed two to three weeks earlier than the same species from our southern accession some 1~70 miles further south. (Figure 1 ). This same lag in flowering is evident in big bluestem (Andropogon ger. ardii), even among populations within the same zone (Figure 2) (Figure 3) . These data suggest that Iowa Ecotype Project collection zones provide seed for big bluestem that, being only "coarsely adapted" to daylength within a region, contains enough genetic diversity to "enhance the likelihood that some plants in the existing collection will possess the best combination of genes for that particular habitat." Although much remains to be learned about the population genetics of native species and the effects of both isolation and outcrossing with other populations, we believe that Iowa Ecotype Project seed probably provides the right degree of genetic diversity, or "coarseness" for these species. Of course, this approach does not preclude the use of local, and even site-specific seed sources from remnant prairies or communities when they are near a reconstruction/restoration site (see Haven, 1998 for a summary of plant population genetics and restoration).
Market Dilemma
Although the size of the regions designated as sources of donor seed is open for debate on ecological grounds, from a marketing viewpoint these regional zones are also the potential market for the seed. For native regional seed to be priced competitively with cuhivars, it has to be produced in commercial quantities. In Iowa, native seed growers have little incentive to produce local-source seed commercially if the market for use in prairie restoration is restricted to the area within a few miles of the point of origin of the seed, or even a single county. Conversely, propagating seed from a single source and marketing it statewide is not desirable.
Bridging this gap between ecological and economic considerations has been a challenge. The largest potential stable market is at the state and county levels.
Although there is interest in using local seed, fiscal responsibility to taxpayers and the sheer number of acres needing seeding dictate that agencies stretch conservation dollars as far as possible. Iowa DOT has not specified local seed for large-scale highway projects due to its limited availability and high cost. Producers of native seed, for their part, are cautious about mass-producing local seed without assurances that 
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65- someone will buy it. Increasing a seed source and maintaining production fields is a considerable investment in time and labor, and an unstable market threatens a producer's economic viability in a niche marketplace. At the same time, high seed prices effectively reduce the market potential for local-source seed when much, much cheaper non-local sources are readily available. Perhaps locallyadapted seed is like organic food: knowledgeable people appreciate its value, but many do not and are unwilling to pay the higher price. Research on the merits of local stock and education of the general public are ongoing needs. The regional approach of the Iowa Ecotype Project represents an ecologically informed compromise intended to bridge this gap between ecology and economy. Our provenance zones are large enough to support a market--especially since the market for northern Iowa seed includes southern Minnesota, and southern Iowa seed includes northern Missouri--yet is small enough to retain a measure of genetic coherence. Source-identified or "Yellow Tag" certification places a tangible value on regional seed and reinforces niche markets, helping smaller producers remain competitive.
In 1998, 1999, and 2000, Kirk Henderson, manager of the UNI Roadside Program, received grants through the Intermodal Surface Transportation Efficiency Act (ISTEA), a federal transportation enhancement measure, to purchase native seed for Iowa counties with active IRVM programs. In 1998, 31 counties shared $142,000. The 1999 grant provided $376,000 to 52 counties. The 2000 grant is for $388,000 to be shared by 56 counties--money for enough seed to plant 15-20 acres per county, or about three or four miles of right-of-way to native prairie. We give priority to purchasing Iowa source-identified seed, even when cheaper seed is available, and every nickel goes towards the purchase of seed. We prioritize seed purchases in the following order:
1.Seed released to growers as part of the Iowa Ecotype Project 2. Seed that growers collect themselves and produce as source-identified Iowa seed 3. Uncertified native Iowa seed 4. Seed native to neighboring states 5. Cultivars developed from sources in Iowa or neighboring states.
Though modest in amount, these funds, allocated to a single purchase, serve to create a significant market for local seed. Within the last three years, Iowa seed has become available in larger quantities, in more species, and at increasingly competitive prices. Of the 12,000 pounds of seed purchased with the ISTEA grant last year, all of the big bluestem, Indiangrass, rough dropseed (Sporobolus asper), and Canada wildrye (Elymus canadensis), and two-thirds of the sideoats grama (Bouteloua curtipendula) were native Iowa seed (Henderson, 1999) . Most of the 25 forb species were of Iowa origin.
Assigning top priority to purchasing Iowa-origin seed should stimulate still greater production by growers, which in turn will help to bring prices down within a range attractive to a broader market, including state and county agencies, as well as the general public. By planting Iowa-origin seed and retaining as much genetic diversity as possible, we may enhance the long-term success of prairie roadside plantings and reconstructions in Iowa, while also helping to assure the continued existence and vitality of the state's remnant communities.
In the last three years, Missouri has initiated the Missouri Ecotype Project, patterned after the Iowa Ecotype Project, with its own unique collaboration between the Missouri Department of Conservation, Missouri DOT, the University of MissouriColumbia, the Lincoln County Soil and Water Conservation District, and the USDA-NRCS Plant Materials Center in Elsberry. It is our hope that similar efforts to develop and promote commercial sources of local-origin seed in other states can build on what we have learned, adapting their programs to their own circumstances. The fostering of such partnerships and collaborative efforts to maintain the genetic diversity of native plants may be one of the most enduring and valuable benefits of ecological restoration.
